Water conductance through Abies amabilis seedlings was measured while the roots were exposed to temperatures from 15 to 0.25°C. Before conductance was measured, the seedlings were preconditioned for 3 months at either a high temperature (23°C) or a low temperature (3°C). For both groups of seedlings, conductance decreased as root temperature decreased. Conductance was lowest at 0.25°C. In addition, preconditioning at 3°C for 3 months significantly lowered conductance to water at all root temperatures. Under the same environmental conditions, seedlings preconditioned at 3°C had less than 25% of the transpirational water loss of seedlings preconditioned at high temperature. A decrease in leaf osmotic potential also resulted from low temperature preconditioning. In trees growing in the subalpine forest, which is the natural habitat of Abies amabilis, both decreased leaf conductance to water vapor and lower osmotic potentials were evident in winter. Since in winter the temperature of the soil in the subalpine zone remains less than 1°C for many months, lowered leaf conductance and decreased osmotic potentials appear to be mechanisms which aid in preventing desiccation damage.
Pacific silver fir (Abies amabilis) is a dominant species in subalpine forests of western slopes of the Cascade Mountains in Oregon and Washington (4) . Low soil temperatures are common in the subalpine forest, yet little is known of adaptations which allow this species to survive in a cold environment. Previous studies of k3 at low root temperatures in coniferous trees indicated that conductance decreased sharply between temperatures of 10°C and 5°C. This response has been reported in Pinus contorta (17) , Picea engelmanii (11) , Picea abies and Larix decidua (7) , and Abies procera (8) . Since soil temperatures are almost always less than 10°C in the Abies amabilis forest and usually less than 1 C for 6 to 8 months of the year (5) and 35 cm tall, were transplanted in August from a subalpine site which had naturally regenerated following clearcutting. The site was at 1200 m in the Cascade Mountains of western Washington. The climate of the site is cold and wet with 2700 mm precipitation per year and snow accumulation of 2 to 4 m. Mean annual temperature is 5.40C, with mean January and July temperatures of -3.2 and 14.4°C, respectively. The soils are spodosols.
The seedlings were placed in 15-cm diameter pots, divided into two groups, and transferred to temperature-controlled rooms. One group was placed at constant 3°C (soil and air temperature) and the other group at constant 23°C. Both groups received 14 h of irradiance daily (PPFD = 500 Amol m-2 s-'); soil moisture was maintained near field capacity. After 3 months under these conditions, a series of experiments was initiated to determine the effect of temperature conditioning on water relations. For all experiments at least three randomly selected trees from each treatment were sampled.
Conductance to water was determined at eight root temperatures, from 15 to 0.25°C. Pots containing seedlings were warmed or cooled without disturbing the root system using a temperaturecontrolled water bath. Soil temperature was measured with thermocouples at four points within the pot to ensure that a constant and uniform temperature (±0.250C) was maintained during this experiment. The root system was allowed to adjust to each temperature for 4 h before measurement. The entire shoot was enclosed in a temperature-and RH-controlled cuvette. The shoot was kept in constant environmental conditions throughout the adjustment and measurement period. PPFD was maintained at 1000 'gmol s-' m-2, measured with a LiCor 190S Quantum sensor. Air temperature was held constant at 1 5C and RH was maintained at 42% to produce an AHD of 7.4 g m-3 (vapor pressure deficit = 1.0 kPa). Air temperature was controlled (± 0.5°C) using a ventilated water-cooled heat exchange system. RH was controlled (±0.5%) using narrow range lithium chloride humidity sensors, a sensitive switching system, and a bypass line with desiccant and a pump. When a change of 0.2% RH was sensed, the pump was activated and drew cuvette air across a desiccant until the RH decreased 0.2%. Transpiration rate was determined from weight changes of the desiccant column over 5-min intervals. Xylem pressure potentials, interpreted here as *I, were measured using a pressure chamber (16) . At each root temperature, after the 4-h adjustment period, measurements were made of transpiration and I. These measurements were repeated three times over the interval of 1 h to ensure that transpiration and 1 were at equilibrium. Conductance to water was determined using the standard transport law: k = where k is the conductance to water, J is transpirational flux, 'I is soil water potential, and I2 is needle water potential. Units of T are kPa, units of J are ,ug m 2 s-'. This procedure provides a measure of k which represents an average conductance through the plant.
Further studies were conducted to describe the effect of air temperature and AHD on transpirati9n and g,. Again the cuvette system was used to control temperature and RH. Soil temperature was maintained at 15C. Leaf conductance (m s-') was determined using the equation:
Units of J and AHD were g m-2 s-' and g m-3, respectively. Diurnal field measurements were also made on Abies amabilis growing on the site where trees used in the laboratory were collected. These measurements consisted of I measured with a pressure chamber, J and g1 (using a steady-state diffusion porometer, LiCor model 1600), PPFD, soil and air temperature, and RH.
Tissue I components were determined for seedlings preconditioned at 3 and 23°C, and for samples taken from field-grown trees using pressure-volume curve techniques ( 15, 21) . The data from the pressure-volume curves have been graphically presented in the form of Hofler diagrams. 
RESULTS
In seedlings preconditioned at 23°C water conductance through the plant decreased from 9.1 ,ug m-2 s-' kPa-' at root temperature of 15°C to 1.9 ,g m-2 s-' kPa-' at 0.25°C (Fig. 1) . A sharp drop in conductance was observed at root temperatures less than 2.5°C. In contrast, seedlings preconditioned at 3°C had significantly lower conductance than those preconditioned at 23°C. Conductance to water remained between 1.6 and 1.0 ,ug m-2 s-' kPa-' for root temperatures between 15 and 0.25°C in these seedlings. The difference between the two groups was so great that for those seedlings preconditioned at 23°C, conductance to water was higher at 0.25°C than it was at 15°C for the seedlings preconditioned at 3°C.
Leaf conductance to water vapor (g,) was affected by temperature preconditioning, AHD, and air temperature (Fig. 2) . At a constant AHD, g, increased as temperature increased. At a constant air temperature, g, decreased as ADH increased. For any given AHD and temperature combination, g, of seedlings preconditioned at YC was always lower than the gl of seedlings preconditioned at 23°C. At the air temperature and AHD used in the previous experiments (15C, 7.4 g m 3), g, was 2.1 mm s-'and J was 1.6 x 10-2 g m-2 s-' for seedlings preconditioned at 23°C. For seedlings preconditioned at 3C, g, was 0.5 mm s-' and J was 0.4 x 10-2 g m 2 s-'. At this evaporative demand, J was 4 times greater in seedlings preconditioned at the higher temperature. Figure 3 Figure I using Seasonal differences in the response ofAbies amabilis to AHD were evident (Fig. 4) Turgor potentials were calculated from these values using Hofler diagrams (Fig. 5) . Even at these minimum the turgor potential remained high on each date. Examination ofthe Hofler diagrams also showed that there was a shift in the osmotic potential at 00% RWC and at turgor loss between August and March. These relationships correspond to the results found under controlled conditions. Due to the decrease in osmotic potential in foliage from summer to winter, and change in stomatal reactivity, turgor potentials were actually higher, but g, lower, on March 14, 1981 than on August 8, 1981 , even though evaporative demand was similar on both days. Also, turgor potentials were similar for the 2 d measured in March but stomatal closure was evident all day on March 19, 1982 ( 17) and conductance in Picea engelmanii decreased sharply below 5°C (1 1) . However, Picea abies and Pinus silvestris exhibited a response to temperature similar to that of Abies amabilis seedlings preconditioned at 23°C (12) .
For seedlings preconditioned at 3°C, there was a slight decline in k as root temperature decreased, but even at root temperatures greater than 10°C conductance was very low. Preconditioning at low temperature caused a reduction in transpiration and g1, greatly decreasing water loss compared with seedlings preconditioned at 23°C. The reduced rate of transpiration in the seedlings preconditioned at 3°C was not due to lower I in the foliage but appeared to be due to a change in stomatal reactivity, with the result that under the same evaporative demand less water was lost from seedlings conditioned at low temperature than from seedlings exposed only to high temperature (23°C).
It has been reported that temperatures below freezing have caused reduced transpiration in conifers (3, 19, 20) , but freezing was not a requirement to initiate a reduction in leafconductance ofAbies amabilis. This response has also been observed in Picea engelmanii, P. abies, and Pinus contorta (10) . Similarly, leaf conductance of Populus deltoides decreased after exposure to 4°C night temperature (2) . Decreased transpiration in winter has been reported for a number of conifers (13, 14, 1 8) .This may be, in part, the result of lower leaf conductance as it was for Abies amabilis.
The change in leaf conductance also appeared to fluctuate with variation in seasonal temperature regimes, since g, was much higher in March after a warm winter with little snow than it was the following March after a cold winter with deep snow accumulation. Under conditions of 14 h daylength, a winter-like response was induced with preconditioning at 3°C in a growth chamber. This suggests that the response was not triggered by daylength, but it does appear related to temperature or a heat requirement.
Temperature conditioning also caused an osmotic adjustment in the needles. This adjustment produced an increased water potential gradient from the soil to the needle, which would aid in water movement during periods of cold soils. A similar osmotic shift with season was reported in Picea abies (6) and Tsuga canadensis (22) . This may aid in reducing the likelihood of winter desiccation, as it has been shown that osmotic adjustment minimizes drought stress in other species (1, 9) .
Reduction in leaf conductance appears to be a primary mechanism by which this species avoids water stress in winter. Soils in the subalpine zone often have temperatures less than 1°C for 6 to 8 months each year (5) . During these periods, the cold soils will cause low k in Abies amabilis and desiccation will result unless transpiration water loss is reduced. Reduced leaf conductance, induced after exposure to low temperatures, lowers the potential for winter desiccation damage. Although low leaf conductance may limit carbon gain during the winter, it does appear to be a useful mechanism for avoidance of water stress in the subalpine environment.
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